Background
==========

Daycare attendance is associated with increased incidence of respiratory infections at preschool age and it has been suggested that the incidence simply shifts to earlier ages such that the overall incidence remains similar. However, respiratory infections early in life might lead to a higher use of healthcare resources.

Upper respiratory tract infections (URTIs) and acute otitis media (AOM) are the most common reasons for doctor consultations and antibiotic use in children. The primary care incidence of URTI, including AOM, in children up to four years of age is estimated at approximately 400 per 1,000 child-years \[[@B1],[@B2]\]. These infections have a significant impact on the child and on family life and carry a considerable economic burden \[[@B3]-[@B7]\].

Daycare attendance is a well-established risk factor for URTIs and AOM in preschool children \[[@B8]-[@B13]\]. Early life daycare attendance, however, has been suggested to protect against the common cold and ear infections beyond the preschool years \[[@B14]-[@B16]\]. Although this implies that daycare attendance influences the timing of infections rather than the overall number of infections a child experiences during childhood, the risk of infection-related complications might be higher during infancy compared to childhood, due to immaturity of the immune system \[[@B17]\].

Previous studies showed higher general practitioner (GP) consultation and antibiotic prescription rates in daycare attendees \[[@B12],[@B18]-[@B22]\]. Furthermore, daycare attendance leads to higher specialist referral rates in children under the age of two years \[[@B23]\]. Whether this increased use of healthcare resources among daycare attendees at preschool age is offset by a lower use of healthcare resources beyond preschool age in the same children remains to be determined.

The aim of this cohort study, therefore, is to assess the long-term effect of first-year daycare attendance on the number and timing of GP diagnosed URTI and AOM episodes and total use of healthcare resources up to six years of age.

Methods
=======

Whistler cohort study
---------------------

This study was performed as part of the WHeezing and Illnesses STudy LEidsche Rijn (WHISTLER), a prospective birth-cohort study on perinatal and infant risk factors for wheezing illness. WHISTLER enrolled healthy newborns born between December 2001 and December 2012 living in the Leidsche Rijn district of Utrecht, The Netherlands. Study design and rationale of WHISTLER are described in detail elsewhere \[[@B24]\]. Briefly, parents of newborns were invited by telephone to participate within two months after birth. Exclusion criteria at baseline were gestational age \<36 weeks, major congenital abnormalities and neonatal respiratory disease.

Data collection
---------------

At baseline, data were collected on prenatal risk factors and parental characteristics. Data on postnatal risk factors, such as daycare attendance and duration of breastfeeding, were collected prospectively by monthly questionnaires during the first 12 consecutive months.

Follow-up of participants included extraction of six years of relevant medical data from the GP electronic medical database using the International Classification of Primary Care (ICPC) \[[@B25]\] and the Anatomical Therapeutical Chemical (ATC J01) coding systems. Specifically, we extracted data on URTI and AOM related GP consultations, antibiotic prescriptions and specialist referrals for respiratory infections for all participants with a GP practicing within the Leidsche Rijn research district. The paediatric medical ethics committee of the University Medical Center Utrecht approved the study. Written informed consent was obtained from the parents.

Definition of outcomes
----------------------

For the primary outcome variable we combined the number of GP-diagnosed URTI and AOM episodes during the first six years of life. URTI was defined as ICPC code R74 (acute URTI), R75 (sinusitis), R76 (tonsillitis/peritonsillar abscess), and/or R77 (acute laryngitis/tracheitis). AOM was defined as ICPC code H71 (AOM). A new episode of URTI and AOM was documented after a disease-free interval of at least 28 days. For each episode, we extracted additional data on number of GP consultations per URTI and AOM episode, related antibiotic prescriptions and specialist referrals. An antibiotic prescription or referral was considered to be related when dated from seven days before the start of an episode for URTI or AOM until seven days after the end of an episode.

Definition of exposure and confounders
--------------------------------------

The exposure variables of interest were daycare attendance in the first year of life and age of entry, defined as the age at which a child first entered daycare for at least one half day per week in the first year of follow-up. Age of entry was categorised as: (1) no daycare in first year of follow-up (reference group); (2) start of daycare before three months of age; (3) from three to five months of age; and (4) six to twelve months of age. Additional infant characteristics, such as gender, parental education level as an indicator for socioeconomic status (SES), presence of older siblings and duration of exclusive breastfeeding, were considered as confounders. Educational level was categorised as high if one or both parents had completed at least vocational or university education and middle/low if both parents completed education lower than vocational or university level. Duration of exclusive breastfeeding was divided into four categories: no breastfeeding, one to three months, four to six months and more than six months of breastfeeding.

Statistical analysis
--------------------

Baseline characteristics of children according to first-year daycare attendance were compared using Chi-squared tests. For descriptive purposes, the incidence of URTI and AOM per 100 child-years was calculated by dividing the number of URTI and AOM episodes by the total number of child-years. Incidence was calculated per one-year age categories separately up to six years of age. The distribution of GP diagnosed URTI and AOM episodes, GP consultations for URTI or AOM and antibiotic prescriptions, were strongly over-dispersed. Therefore, we used generalized estimating equations (GEE) with a negative binomial link function to assess the association between first-year daycare attendance and the number of episodes of URTI and AOM with no first-year daycare as the reference group. The GEE method takes into account the correlation between repeated measurements in the same individual. To test whether the effect of first-year daycare on URTI and AOM was age-dependent, an interaction term for daycare attendance with age was included in the GEE model. The regression coefficients from the GEE model reflect an incidence rate ratio (IRR).

Next, we studied the associations between daycare attendance and cumulative number of GP consultations for URTI and AOM and antibiotic prescriptions for URTI and AOM in the first six years of life. We used generalized linear models with a negative binomial link function. GP follow-up duration was used as the offset variable to indicate exposure time. GP follow-up duration was estimated as the time from birth, as if they were registered by the GP within the first three months of life, or in case of a registry beyond the first three months of age, from time of GP registry until the last known date of follow-up or until their sixth birthday. The regression coefficients reflect rate ratios (RR).

Cox proportional hazard regression was performed to study the association between first-year daycare attendance and first URTI or AOM related specialist referral. GP follow-up duration was used as the underlying time metric. We censored individual observations either at the date of a first event, at the last known date of follow-up, or at the age of six years. The regression coefficients reflect a hazard ratio (HR), which should be interpreted as a relative risk.

All models were adjusted for potential confounders, including gender, parental education level, older siblings and duration of exclusive breastfeeding.

Because of missing values in parental- and child-related factors, a substantial proportion of the cases could not be used in the regression analysis. To address the potential bias incurred by using complete case-analysis, we imputed missing values using the multivariate imputation by chained equations (MICE) procedure in SPSS (version 20.0) \[[@B26]\]. The 10 imputed data sets were analysed and results combined. We averaged estimates of the variable to give a single mean estimate and adjusted standard errors according to the Rubin's rule \[[@B27]\]. All statistical analyses were performed with SPSS version 20.0 (SPSS Inc, Chicago, IL, USA), SAS 9.2 (SAS Institute, Inc., Cary, NC, USA) and OpenEpi: Open Source Epidemiologic Statistics for Public Health (version 3.01, updated April 2013).

Results
=======

Study population
----------------

During the entire WHISTLER recruitment period (December 2001 to December 2012), parents of 2,456 infants agreed to participate in this study. In April 2013, 2,217 infants (90%) had a GP inside the research district and were included in this analysis. Complete data were available for 1,728 of the 2,217 children (78%) (Figure [1](#F1){ref-type="fig"}).

![Flow chart of the study population.](1741-7015-12-107-1){#F1}

Baseline characteristics of the 1,728 children in the total study population and according to daycare attendance are listed in Table [1](#T1){ref-type="table"}. Children attending daycare in the first year of life had higher educated parents, less frequently had older siblings and more often received breastfeeding compared to children cared for at home. During the 7,543 person-years of follow-up (median 4.9, maximum 6.0 years) 4,243 episodes of GP diagnosed URTI and AOM were recorded (Table [1](#T1){ref-type="table"}). Overall, the incidence rate of URTI and AOM was highest in the first two years of life and declined thereafter. Compared to children cared for at home, first-year daycare attendees had a higher incidence rate for URTI and AOM in the first year of life, but lower incidence rates at ages four to six years.

###### 

Characteristics of children and parents according to entry in daycare

  **Study population**                                                              **Baseline population with complete data**   **No daycare in first year of life (ref)**   **Daycare entry in first year of life**   ***P*-value**
  -------------------------------------------------------------------------------- -------------------------------------------- -------------------------------------------- ----------------------------------------- ---------------
  **Parental characteristics**                                                                                                                                                                                                 
  Parental education level (%)                                                                                                                                                                                             \<0.001
  Low/middle                                                                                           17.3                                         39.7                                       11.6                            
  High (at least one parent)                                                                           82.7                                         60.3                                       88.4                            
  **Child characteristics**                                                                                                                                                                                                    
  Gender (% boy)                                                                                       49.2                                         47.4                                       49.7                         0.241
  Duration of exclusive breastfeeding (%)                                                                                                                                                                                  \<0.001
  No breastfeeding                                                                                     18.9                                         27.4                                       16.8                            
  0 to 3 months                                                                                        44.3                                         38.6                                       45.8                            
  4 to 6 months                                                                                        22.8                                         17.4                                       24.2                            
  \>6 months                                                                                           13.9                                         16.6                                       13.3                            
  \% with older siblings                                                                               51.6                                         58.9                                       49.7                         0.001
  IR of URTI and AOM per age category /100 child-years (95% confidence interval)                                                                                                                                               
  0 to 1 year                                                                                  92.9 (88.3 to 97.7)                          59.1 (51.1 to 67.9)                        100.4 (96.0 to 107.0)               \<0.001
  1 to 2 year                                                                                  76.5 (72.2 to 80.8)                          71.2 (63.0 to 81.4)                         77.6 (72.9 to 82.6)                 0.28
  2 to 3 year                                                                                  46.0 (42.5 to 49.7)                          52.5 (44.7 to 61.2)                         44.2 (40.4 to 48.3)                 0.07
  3 to 4 year                                                                                  33.0 (29.7 to 36.4)                          38.5 (31.5 to 46.7)                         31.5 (28.0 to 35.3)                 0.09
  4 to 5 year                                                                                  28.9 (25.7 to 32.5)                          41.7 (33.9 to 50.8)                         25.0 (21.6 to 28.8)                \<0.001
  5 to 6 year                                                                                  25.5 (22.1 to 2.92)                          41.6 (33.2 to 51.6)                         20.4 (17.0 to 24.3)                \<0.001

AOM, acute otitis media; IR, incidence rate; URTI, upper respiratory tract infection.

The following reported results pertain to the multiple imputation data sets (n = 2217).

Association between number of episodes and daycare attendance
-------------------------------------------------------------

Table [2](#T2){ref-type="table"} shows the number and incidence of GP-diagnosed URTI and AOM episodes during the first six years of life in children with and without first-year daycare attendance. After adjustment for gender, parental education level, presence of older siblings and duration of exclusive breastfeeding, the average six-year incidence was not significantly different between children who did and did not attend daycare. Test for interaction revealed that the association between first-year daycare attendance and URTI and AOM incidence was age-dependent (*P* \<0.001). Additional analysis showed that after using any (partial or exclusive) breastfeeding as a confounder, instead of exclusive breastfeeding, the rate ratios remained similar for first-year daycare (data not shown).Figure [2](#F2){ref-type="fig"} shows the adjusted incidence rate ratios for the outcomes at separate ages, 0 to 6 years, in children with and without first-year daycare and according to age at entry. During the first year of life the number of episodes was higher in the children attending daycare (adjusted IRR (aIRR): 1.40; 95% confidence interval (CI): 1.25 to 1.57) compared to children cared for at home. Between age one and four years differences were minimal and mostly non-significant. After preschool age (≥4 years of life in the Netherlands) the aIRRs reversed, showing lower IRRs in children attending daycare (aIRR age four to five years: 0.87; 95% CI: 0.80 to 0.95 and age five to six years: 0.85; 95% CI: 0.77 to 0.94). However, these lower incidence rates were not observed in children entering daycare from six months of age.

###### 

Incidence of URTI and AOM during the first six years of life by daycare attendance

  **GP diagnosed URTI and AOM by daycare attendance**    **Number of episodes**   **Child-years**   **Rate/100 child-years (95% CI)**   **Adjusted**^**a**^**IRR (95% CI)**
  ----------------------------------------------------- ------------------------ ----------------- ----------------------------------- -------------------------------------
  No daycare in first year                                       1,362                2,424.3              56.2 (53.3 to 59.2)                         1.00
  Day care in first year                                         4,334                7,325.2              59.2 (57.4 to 60.9)                  1.08 (0.95 to 1.22)
   Age 0 to 2 months                                              629                 1,104.4              56.9 (52.7 to 61.4)                  1.05 (0.88 to 1.25)
   Age 3 to 5 months                                             2,967                5,081.0              58.4 (56.3 to 60.5)                  1.06 (0.94 to 1.21)
   Age 6 to 12 months                                             738                 1,139.8              64.8 (60.3 to 69.5)                  1.18 (1.00 to 1.40)

^a^Adjusted for: gender, parental education level, older siblings and duration of exclusive breastfeeding. AOM, acute otitis media; CI, confidence interval; GP, general practitioner; IRR, incidence rate ratio; URTI, upper respiratory tract infection.

![**The adjusted incidence rate ratios comparing the total number of URTI and AOM episodes at ages 0 to 6 years in children with and without day care in the first year of life and according to age at entry (no daycare in the first year is the reference group).** Adjustments were made for: gender, parental education level, older siblings and duration of exclusive breastfeeding. AOM, acute otitis media; URTI, upper respiratory tract infection.](1741-7015-12-107-2){#F2}

URTI and AOM related use of healthcare resources
------------------------------------------------

Table [3](#T3){ref-type="table"} shows the use of healthcare resources due to GP-diagnosed URTI and AOM episodes during the first six years of life in children with and without first-year daycare attendance. The cumulative number of GP consultations for URTI and AOM was 15% higher (adjusted (a)RR: 1.15; 95% CI 1.00 to 1.31) in the group attending daycare. Similarly, the risk for URTI or AOM related specialist referral in the first six years of life was increased in first year daycare attendees (aHR: 1.43; 95% CI: 1.01 to 2.03). Overall, the increase in number of GP consultations and risk for specialist referral was most pronounced in children entering daycare between six to twelve months of age when compared to those entering earlier (*P* \<0.03 for trend). The number of antibiotic prescriptions in the first six years of life was 32% higher only in those children who entered daycare between six to twelve months of age (aRR for antibiotic: 1.32; 95% CI: 1.04 to 1.67).

###### 

Use of healthcare resources during the first six years of life by daycare attendance

       **Outcome by daycare attendance**       **Number**   **Child-years**   **Rate/100 child-years (95% CI)**   **Adjusted**^**a**^**rate ratio (95% CI)**
  ------------------------------------------- ------------ ----------------- ----------------------------------- ---------------------------------------------
       GP consultations for URTI and AOM                                                                                                
           No daycare in first year              2,053          2,424.3              84.7 (81.1 to 88.4)                             1.00
            Day care in first year               6,643          7,325.2              90.7 (88.5 to 92.9)                      1.15 (1.00 to 1.31)
               Age 0 to 2 months                  926           1,104.4              83.8 (78.6 to 89.2)                      1.05 (0.86 to 1.27)
               Age 3 to 5 months                 4,505          5,081.0              88.7 (86.1 to 91.2)                      1.13 (0.98 to 1.29)
               Age 6 to 2 months                 1,213          1,139.8            106.4 (100.6 to 112.4)                     1.32 (1.10 to 1.59)
   Antibiotic prescriptions for URTI and AOM                                                                                            
           No daycare in first year               504           2,424.3              20.8 (19.1 to 22.6)                             1.00
            Day care in first year               1,517          7,325.2              20.7 (19.7 to 21.8)                      1.08 (0.91 to 1.28)
               Age 0 to 2 months                  214           1,104.4              19.3 (17.0 to 22.0)                      1.02 (0.80 to 1.29)
               Age 3 to 5 months                 1,012          5,081.0              19.9 (18.7 to 21.1)                      1.04 (0.87 to 1.24)
               Age 6 to 12 months                 292           1,139.8              25.6 (22.9 to 28.6)                      1.32 (1.04 to 1.67)
                                                                                                                  **Adjusted**^**a**^**hazard ratio (95%CI)**
    Referral to specialist for URTI and AOM                                                                                             
           No daycare in first year                47           2,424.3               1.9 (1.4 to 2.6)                               1.00
            Day care in first year                185           7,325.2               2.5 (2.2 to 2.9)                        1.43 (1.01 to 2.03)
               Age 0 to 2 months                   29           1,104.4               2.6 (1.8 to 3.7)                        1.41 (0.87 to 2.28)
               Age 3 to 5 months                  120           5,081.0               2.4 (2.0 to 2.8)                        1.32 (0.92 to 1.92)
               Age 6 to 12 months                  36           1,139.8               3.2 (2.2 to 4.3)                        1.89 (1.20 to 2.98)

^a^Adjusted for gender, parental education level, older siblings and duration of exclusive breastfeeding. AOM, acute otitis media, CI, confidence interval; GP, general practitioner; URTI, upper respiratory tract infection.

Discussion
==========

This study showed that the use of health care resources up to the age of six years was higher in children who entered day care in the first year of life compared to children cared for at home during that period, in spite of a similar total number of GP-diagnosed URTI and AOM episodes. This effect was most pronounced in children entering daycare between six to twelve months of age when compared to children starting at an even earlier age.

There is little doubt that daycare attendance is associated with an increased incidence of respiratory infections at preschool age (\<4 years of age) \[[@B9]-[@B12],[@B21],[@B28]\]. The daycare environment provides a setting that facilitates transmission of infectious diseases. Prospective studies investigating the association between daycare attendance and infections beyond preschool age, showed a protective effect of daycare against respiratory infections in later childhood \[[@B14]-[@B16]\]. Our study confirms these findings to some extent, that is, children attending daycare before six months of age have lower rates of URTI and AOM after the age of four years and the cumulative incidence of URTI and AOM in the first six years was not significantly different in children who did and did not attend daycare in their first year of life. This suggests that first-year daycare attendance influences the timing of infections rather than the overall number of infections a child experiences during childhood. Notably, our study showed that the impact of URTI and AOM episodes on the child's health in the first six years of life was substantially higher in children attending daycare as demonstrated by the increased number of GP consultations, antibiotic prescriptions and referrals among these children. These associations have, until now, only been demonstrated in preschool aged children \[[@B18]-[@B20],[@B22],[@B23]\]. Our study has demonstrated that the increased use of healthcare resources for URTI and AOM in children attending daycare during early infancy is persistent and not fully compensated by a lower use of healthcare resources during school age.

The increased use of healthcare resources in first-year daycare attendees suggests that early URTI and AOM episodes are more severe compared to later infections. Interestingly, children who enter daycare between six and twelve months of age show consistently higher healthcare resource use when compared to children entering before six months of age. A possible explanation may be the fact that children who attend daycare early in life have higher levels of maternal antibodies when being first exposed to pathogens compared to children attending daycare from six months of age \[[@B29],[@B30]\]. Another explanation could be that children who enter daycare beyond six months of age had more initial health problems resulting in delayed start of daycare and that these children were, therefore, at increased risk for developing infections. We, however, think that this is not very likely since the WHISTLER population is relatively healthy; children born pre-term, with congenital abnormalities or neonatal respiratory diseases were excluded at baseline. To gain more insight into the severity of URTI and AOM in daycare attendees at different ages, additional relevant aspects of disease episodes should be investigated in future studies, such as episode duration and severity of symptoms.

The major strength of our study on the long-term effects of daycare on GP-diagnosed URTI and AOM episodes and related healthcare resource use is the large sample size and the prospective data collection. Information on URTI and AOM episodes was collected independently of exposure status, which minimizes information bias. Still some methodological limitations should be considered. Firstly, the information collected on daycare attendance did not include data on the type of daycare facility or group size. Previously, large daycare group size was found to increase infection rates at early age \[[@B8],[@B9],[@B28],[@B31]\] and, according to Cote *et al*., protect against infections during elementary school years \[[@B15]\] when compared to children cared for at home. Furthermore, Morrissey *et al*. showed that children attending multiple daycare arrangements experience more respiratory problems \[[@B32]\]. Due to the lack of contrast in our study, the effect of daycare attendance might be underestimated for children attending large-group or multiple daycares and overestimated for small-group daycare attendees. Secondly, we cannot make inference to the long-term effects of daycare entry after the age of one year since data on daycare attendance beyond the first year of life were not available in our study. Some of the children classified in the reference group of no daycare might be exposed to daycare after their first year of life. This could lead to an underestimation of the effect of daycare. Finally, in this study, families with a high SES were overrepresented compared to the district population average. In a Swedish study, children from low SES families are less likely to attend daycare compared to children from higher SES families \[[@B18]\]. Indeed, the percentage of children attending daycare in this study is higher compared to the population average (approximately 80% in this study versus approximately 60% in the average Dutch population) \[[@B33]\]. Although this may imply selection, we consider selection bias unlikely since parents are included before the occurrence of URTI and AOM and the exposure to daycare. Furthermore, it is not plausible that the found associations between daycare attendance and the number of episodes and healthcare use for respiratory infections will differ by SES.

Conclusions
===========

This study showed that children who enter daycare under the age of one year have a higher use of healthcare resources for URTI and AOM in the first six years compared to children who were cared for at home. Both groups had a similar number of GP consultations over the same period; however, the timing of infections in daycare attendees was earlier in life resulting in higher use of healthcare resources than the infections which occurred later in childhood in children cared for at home. Our findings emphasize the need for improved prevention strategies in daycare facilities to lower infection rates at the early ages. Future studies are needed to determine which prevention strategies may be most effective, for example, reduction of daycare group size or determination of an optimal age of day care entry.
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